AMENDMENTS TO SPECIFICATION 

METHOD AN D APPARATUS FOR MANUFACTURING 

AN OPTICAL COMPONENT 

[0001] This invention relates to optical components having at least one photo-oriented 

polymeric layer and is particularly concerned with a method and apparatus for manufacturing 
such a component. 

[000^] U.S. Patent-No, 5,389,698 discloses a process for making oriented polymers in which 

a layer of photo^jeJymeHsabl^^ isotropic polymeric material is 

irradiated by linearly petemed-polarized light to orientate and polym e ri s e polymerize t he 
molecules in the layer to obtain the oriented photopolymer. 
[0003] Oriented photopolymers can be used in a variety of optical and electro optical devices, 

such as in the manufacture of liquid crystal cells. It has also been proposed that oriented 
photopolymers may form part of multi-layer optical components which can be used as a 
safeguard against counterfeiting and copying. U.S. Patent N^-6J60 2 597 discloses such a 
multi-layer optical component and a method of manufacture which has at least one photo- 
oriented polymeric layer applied to a substrate, and a layer of non-cross linked liquid 
crystalline monomer is applied onto the photo-oriented layer with its molecules having the 
orientation of the underlying photo-oriented layer, and then the monomer is cross-linked to 
form a liquid crystalline polymer in which the orientation of the molecules is fixed. Such an 
optical component may also include additional layers, such as further orientating layers and 
liquid crystal layers, an optical retarder, and reflective or polarising polarizing layers to form 
more complex multi-layer structures. 
[000 jl] It is also possible, in the processes disclosed in U.S. Patents_5 3 89,698 and US 

6,160,597 for a photo-oriented polymeric layer to have an orientation pattern including a first 
region having a first molecular orientation and at least one other region having a second 
molecular orientation. This is achieved in the process of U.S.. Patent 5389,698 by two 
successive illumination stages using a first source of linearly pelamed -polarized light in the 
first illumination stage to irradiate a first region or regions through a mask, and then using a 
second source of linearly petemed -polarized light having a different plane of polarisation 
p olarization ,in the second illumination stage with the mask removed. However, this multiple 
exposure process can be inefficient and time consuming because of the time required to 
remove the mask, replace the first source of linearly pelamed-polarized light with the second 
source and reconfigure the apparatus. It is therefore desirable to provide a more efficient 



method of manufacturing an optical component having at least one photo-oriented polymeric 
layer with an orientation pattern that includes different regions of different molecular 
orientation. It is also desirable to provide an apparatus for use in such a method. 
[0005] According to one aspect of the invention, there is provided a method of manufacturing 

an optical component having at least one photo-oriented polymeric layer provided on a 
substrate, wherein the method includes the steps of: 
[0006] providing a single source of laser radiation; 

[000^] splitting the laser radiation into a first beam of linearly peterised- polarized light 

having a first plane of peto ri sation polarization . and a second beam of linearly patemed 
PilUitiieilight having a second plane of petemMmepo 1 ari zat i o n ; 
[000 5] directing the first beam of linearly peterisad- polarized light onto a first area or areas 

of at least one photo-orientatable polymeric layer to cause a first molecular orientation in the 
first area or areas of the layer; and 
[OOOjj] directing the second beam of linearly peteme#~p olarized light onto said photo- 

orientatable polymeric layer to cause a second molecular orientation in a second area or areas 
of the layer. 

[0001)] Preferably the arrangement is such that the second beam of linearly pekmsed 

I2o|aiizecLlight arrives at the photo-orientatable polymeric layer a predetermined delay time 
after the first beam of linearly p olari sed - polarized light. The predetermined delay time is 
preferably sufficient for the first beam to have caused the first molecular orientation in the 
first area or areas of the photo-orientatable polymeric layer before the second beam arrives. 
[00011] According to a second aspect of the invention, there is provided an apparatus for 

manufacturing an optical component having at least one photo-oriented polymeric layer, 
wherein the apparatus comprises: 
[0001 2] a single source of laser radiation; 

[00013] beam splitting means for splitting the laser radiation into a first beam of linearly 

polarised polarized light having a first plane of pol a risatio n polarization and a second beam 
of linearly po la rised polarized light having a second plane of p o I a ri sa t i o n pol ariza tion : 
[00014] first directing means for directing the first beam of linearly polarised light onto a first 

area or areas of at least one photo-orientatable polymeric layer to cause a first molecular 
orientation in said first area or areas of the layer; and 
[0001-5] second directing means for directing the second beam of linearly pelarised- polarized 

light onto said photo-orientatable polymeric layer to cause a second molecular orientation in 
a second area or areas of the layer; 



[0001 1 5] wherein the apparatus includes delay means for the second beam of linearly polarised 

polarized light so that the second beam arrives at the photo-orientatable polymeric layer a 
predetermined delay time after the first beam of linearly polarised polarized light. 
[0001 p The second beam of linearly peteised -Dolarized light is preferably reflected off a 

plurality of mirrors before it is directed onto the photo-orientatable polymeric layer. 
[0001^] In one preferred embodiment, the first beam of linearly petemed- po larized light is 

directed onto the photo-orientatable polymeric layer through a mask so that only the first area 
or areas of the photo-orientatable polymeric layer are exposed to the first beam. The second 
beam of linearly polarised p olarized light may be directed onto the second area or areas, e.g.. 
through another mask. Preferably, however, the second beam is directed onto the entire area 
of the photo-orientatable polymeric layer including the first and second areas. In this case, 
because the second beam arrives at the photo orientatable polymeric layer at a predetermined 
delay time after the first beam of linearly petemed -pjpjarized light, the first beam has already 
orientated and pelw^«sed^i^n^enz£d_the molecules in the first area or areas of the layer to 
fix the orientation in the first area or areas before the second beam arrives. Then the second 
beam only orientates and polym e ris e s polymerizes the molecules in the second area or areas 
without affecting the orientation of the molecules in the first area or areas. 
[00019] Preferably, the predetermined delay time is in the order of nanoseconds which is 

sufficient time for the first beam to orientate and po lym er ise polymerize the molecules in the 
first area or areas of the layer. 

[00020] Preferably, the energy of each of the first and second beams is less than the energy 

required to cause laser ablation of the photo-orientatable polymeric layer, and also less than 
the cohesive/adhesive forces adhering the photo-orientatable polymeric layer to the 
underlying layer, which may be the substrate itself or an intermediate layer, such as a primer, 
or other layer. 

[00021] Preferably, the ratio of the energy of the first beam and the energy of the second beam 

is approximately 2:1 energy units. 

[00022] In one preferred embodiment, the substrate is formed from a polymeric material. 

Preferably, the substrate includes at least one layer of biaxially oriented polymeric material. 
For example, the substrate may comprise a base layer of at least two films of transparent 
biaxially oriented polymeric material laminated together, such as described in WO 83/00659. 
The substrate may also include one or more co-polymer layers on one or both sides of the 
base layer of biaxially oriented polymeric material. Alternatively, the substrate may be 
formed from other materials, for example, a glass plate or a paper sheet. Another alternative 



is for the substrate to comprise a base layer of paper with at least one polymeric layer, e.g., a 
co-polymer, provided on one or both sides of the base layer. 
[00023] The substrate may also include at least one opacifying coating applied on at least one 

side of the base layer, particularly when the base layer is formed from a transparent 
polymeric material. The at least one opacifying coating may completely cover the surface of 
the transparent substrate. Alternatively, the at least one opacifying coating may only partially 
cover the transparent substrate so as to form a transparent portion or window which is not 
covered by the opacifying coating. 
[00024] Preferably, an optical component formed by the method of the invention includes at 

least one liquid crystal polymer (LCP) layer in contact with the photo oriented polymeric 
layer, otherwise called a photo-alignment layer. The photo alignment layer is preferably a 
photo-oriented polymer network (PPN) such as described in U.S. Patent Ne^5,602,66 1 , the 
contents of which are incorporated herein by reference. The LCP layer has an arrangement of 
molecules having an orientation determined by the orientation of the underlying photo- 
alignment (PPN) layer or transferred therefrom to the LCP layer. The LCP layer may be 
photo cross = linked by the action of light of a suitable wavelength and retains the orientation 
of molecules determined by the orientating layer. The photo cross-linking fixes the 
orientation of the LCP layer so that it is unaffected by extreme external influences such as 
light or high temperatures. 

[00025] The security document or device may include further orientating layers and/or LCP 

layers. For example, two or more orientating layers and LCP layers having different 
orientation patterns may be provided to form a stack of orientation layers and LCP layers on a 
substrate as disclosed in US, Patents Nes-5,602,661 and 6, 160,597, the contents of which are 
incorporated herein by reference. 
[00026] The security document or device may also include other layers, such as a reflector 

layer or a po lari s in g polarizing layer. For example, US, Patent N^6, 144,428 discloses a 
reflective metal layer between the photo-alignment layer and the substrate, and WO 98/52077 
discloses a linear polaris e r polariz er between the orientation layer and the substrate. If the 
security document or device includes a reflector or a linear pekme rpolarizer . the optical 
effects produced by the LCP layer and orientating layer in combination may be viewed using 
a single polariserpolarizer, instead of requiring cross pa4a4%ers~ polarizers to view the effects. 
[00027] The optical component formed by the combination of the LCP layer(s) and photo- 

alignment layer(s) may contain two or more hidden images, such as described Jn WO 



00/29878. These images may be successively revealed and concealed when the optical 
component is held between two polari s crs polarizers and one of them is rotated. 
[00028] According to another aspect of the invention, there is provided an optical component 

which incorporates at least one photo-oriented polymeric layer formed by the method or 
apparatus of the first or second aspects of the invention. 
[00029] Preferred forms of the present invention will now be described, by way of example 

only, with reference to the accompanying drawings,4n-whkfe. 

DETAILED DESCRIPTION OF THE DRAWINGS 
[00030] Figure 1 is a schematic diagram illustrating a method and apparatus in accordance 

with the invention for manufacturing an optical component; 
[00031] Figure 2 is a schematic sectional view of an optical component produced by the 

method and apparatus of Figure 1 ; 

[00032] Figure 3 is a schematic sectional view of a modified embodiment of an optical 

component; 

[00033] Figure 4 is a schematic sectional view of another modified embodiment of an optical 

component; and 

[00034] Figure 5 is a plan view of part of the apparatus of Figure 1 . 

D ETAILED DESCRIPTION OF THE EMBODIMENT 
[00035] Figure 1 shows an apparatus 1 0 for manufacturing an optical component 1 which has 

a photo-orientatable polymeric layer 2, which preferably comprises a photo-orientable 
polymer network (PPN), provided on a substrate 3. The apparatus 10 comprises a laser 
source 11 which produces an incident beam 12 of laser radiation, a pefamfflg-polarizing 
beam splitter 1 3 which splits the laser radiation into a first beam 1 4 of linearly pelamed 
rtrizedjight having a first plane of polaris a tion polarization CP petematie roolarization) 
and a second beam 15 of linearly peto4sed--polarized light having a second plane of 
r^msat^ ^ tarizatk mi S peterisatieapolarization). The first peterised- polarized beam 14 
proceeds directly to the optical component 1 after passing through a mask 6 so that first areas 
4 of the photo-orientatable polymeric layer 2 are illuminated by the first beam 14. The first 
beam 1 4 of linearly pohmsed- polarized light "P pol" orientates and polymerises polymerizes 
the molecules in the first areas 4 of the photo-orientatable polymeric layer so that they have a 
first molecular orientation. 



[0003^] The second peterised-polarized laser beam 1 5 passes through a series of time of flight 

or delay mirrors 16 and is then reflected off directional reflection mirrors 17, 18 and 19 onto 
the photo-orientatable polymeric layer 2 of the optical component 1. 
[0003p The second beam 1 5 of linearly pefa4sed- polarized light "S pol" is directed onto the 

optical component to illuminate the surface of the photo-orientatable polymeric layer 2 to 
orientate and polymerise polymerize the molecules in second areas 5 of the layer 2 so that 
they have a second molecular orientation which is different from the orientation of the 
molecules in the first areas 4 of the layer. Although the first areas 4 of the photo-orientatable 
polymer layer 2 are also illuminated by the second beam of linearly peterised- polarized light, 
the second beam 1 5 arrives at the optical component 1 a predetermined delay time after the 
first beam 14 of linearly petosed-polarized .light. This delay time is sufficient for the first 
beam 14 to have caused the first molecular orientation and polymerisation polymerization in 
first areas of the layer 2 before the second beam arrives. 
[00038] The first and second areas 4 and 5 of different molecular orientations together form an 

orientation pattern in the photo-orientable layer 2 which is determined by the mask 6. The 
mask 6 may be formed from materials such as chrome, quartz or a suitable dielectric material, 
and it will be appreciated that different masks may be used to impart different orientation 
patterns to the photo-orientatable polymeric layer 2. 
[00039] Referring to Figure 2, there is shown an optical component 20 which may be formed 

using the method and apparatus illustrated schematically in Figure 1 . The optical component 
20 comprises a layer of a photo polymeric network (PPN) applied to one side of a substrate 
23 and a liquid crystal polymer (LCP) layer 26 applied over the PPN layer 22. In a preferred 
method of manufacturing the optical component of 20, a solution containing a photo- 
orientatable polymer network is applied to the substrate 23. The substrate is then dried and 
the PPN solvent removed. The PPN layer 22 is preferably applied to a thickness of between 
about 2 nm and about 150 nm. 

[0004|)] The PPN layer 26 is then subjected to exposure of the first petofeed- polarized laser 

beam 14 using the apparatus of Figure 1 to orientate and polym e rise polymerize the 
molecules in first areas 24 of the PPN layer 22. After the predetermined delay time, which is 
preferably at least about 20 nanoseconds, the second beam 50 of linearly petemed -polarized 
light arrives at the PPN layer 22 to orientate and polym c ris c- polymerize the molecules in the 
second areas 25 of the PPN layer 22 so that those areas 25 have a second molecular 
orientation which is different from that of the first areas 24 to form the orientation 25 pattern 
in the PPN layer 22. 



[00041] A solution containing liquid crystal monomers is then applied over the PPN layer 22 

the liquid crystal molecules assume the orientation of the underlying PPN layer 22. The 
solvent is then removed and the liquid crystal monomers are photo cross-linked by an 
exposure to light of a suitable wave length to form the LCP layer 26. The photo-cross- 
linking process fixes the orientation of the LCP layer 26 so that it has first areas 27 having the 
same orientation as the first areas 24 of PPN layer 22, and second areas 28 having the same 
molecular orientation as the molecules in the second areas 25 of the PPN layer 22. 
[00042] As shown in Figure 2, the vertical arrows schematically represent a first molecular 

orientation in the first areas 24, 27, and the horizontal arrows schematically represent a 
second molecular orientation in the second areas 25, 28. It should, however, be appreciated 
that the molecular orientation represented by both sets of arrows will be in the plane of the 
layers 22, 26 rather than normal to the surface of the layers. 
[00043] The optical component 20 of Figure 2 may be attached to any article to provide a 

means of verifying that the article is authentic, but is particularly suitable for use as a security 
device in security documents and tokens which require protection against copying and 
counterfeiting. When the security device 20 is to be attached to another article, the PPN layer 
22 and the LCP layer 26 preferably cover the entire surface of the substrate 23. Alternatively, 
the PPN and LCP layers 22 and 26 may only partially cover the surface of the substrate, for 
instance when the substrate 23 itself constitutes the base layer for a security document or 
token. 

[00044] Referring to Figure 3, there is shown a modified optical component 30 which is 

similar to that of Figure 2 and corresponding reference numerals have been applied to 
corresponding parts. The security device 30 differs from that of Figure 2 in that it includes an 
orientating layer 32 on the substrate and an LCP layer 6 provided between the substrate and 
the photo-orientated polymer network (PPN) layer 22 and LCP layer 26. The orientating 
layer 32 may have a uniform orientation pattern, e.g., produced by subjecting a photo- 
orientatable polymer network (PPN) layer to a single exposure of linearly pojamed- polarized 
light without a mask, or it may be a conventional orientating layer such as a polyimide layer 
rubbed in one direction or a layer having an orientating effect obtained by oblique sputtering 
with SiO x . Alternatively, the orientating layer 32 may be a PPN layer having an orientation 
pattern of different areas having different molecular orientations formed in the manner 
described with reference to Figure 1 . The LCP layer 36 preferably comprises an isotropic 
layer of orientated cross-linked liquid crystal monomers which has an orientation determined 
by the underlying orientating layer 32. The orientation of the liquid crystal molecules in 



layer 36 may be fixed by a photo cross-linking process, such as described above with 
reference to Figure 2. 

[00045] Figure 4 shows another modified optical component 40 which is similar to that of 

Figure 2 and corresponding reference numerals have been applied to corresponding parts. 
The optical component 40 differs from that of Figure 2 in that it includes a linear polariaor 
Eojarizer/H between the substrate 23 and the photo-orientated polymer network (PPN) layer 
22. The inclusion of a linear po lar iser polarizer 41 underneath the PPN layer 22 enables the 
optical effects produced by the LCP layer 26 and PPN layer 22 to be viewed using a single 
pojarisefpoiarizer, instead of requiring cross polaris e r s- polarizers to view the effects. In an 
alternative embodiment, a reflective metai layer may replace the polarising polarizing layer 
41. 

[00046] In another modified embodiment similar to that of Figure 4, when the substrate 23 is 

formed from or includes a polymeric layer, such as a transparent polymeric film used in the 
manufacture of flexible security documents, a primer layer may be provided between the 
substrate 23 and the PPN layer 22 to improve the adhesion of the PPN layer to the substrate. 
The primer layer may comprise a hydroxyl terminated polyester based co-polymer with a 
cross-linker such as a multi- functional isocyanate as described in our co-pending Australian 
patent application entitled "Security Document Incorporating Optical Components" filed on 
12 January 2004. It will, however, be appreciated that other primers and cross-linkers may be 
used to form the primer layer. 

[00047] Referring to Figure 5, the beam splitting and beam directing parts of the apparatus of 

Figure 1 are shown in greater detail. As shown in Figure 5, the incident beam 1 2 from the 
laser source 11 is split into the first and second polarised polarized beams 14 and 15 by the 
polarii ii n g polarizing, beam splitter 13. The first p o larised polarized beam 14 passes directly 
through the apparatus to the mask (not shown in Figure 5) which directs the first beam on-to 
selected areas of the photo-orientatable polymer layer 2. The second polarised - polarized 
beam 15 is reflected off a first mirror 52 through a triangular shaped container which includes 
a plurality of time of flight mirrors 1 6. The time of flight mirrors delay the second beam by 
the predetermined delay time which is preferably at least 20 nanoseconds. The second beam 
15 is then reflected off reflecting mirror 17 through an aperture 56 and onto mirrors 18 and 
19. The second beam 15 reflected off mirror 19 then passes through a f^im^mkm 
polarization_rotator 51 and an attenuator 53 and is directed out of the apparatus and on- to the 
photo-orientatable polymeric layer 2 of the optical component 1 as illustrated in Figure 1. 



[00048] As shown in Figure 5, the second beam may also be directed on to a beam splitter 60 

to produce an optional third beam of linearly p olaris ed polarized light 62. The third beam 62 
also passes through a p olarisation polarization rotator 61 and an attenuator 63 and may be 
used to form third areas having a third molecular orientation in the PPN layer 2. The 

!,visat-u,i, polunzniKHi rotators 51, 61 allow for design changes to be made to the 

-Pilliai^ioiLpattern formed in the PPN layer 2 by the respective first, second and 
optional third beams. The attenuators 53, 63 provide energy control for the second and third 
beams. Preferably the ratio of energy in the first linearly peterised- polarized beam 14 is 
approximately twice that of the second linearly petarised- polarized beam 15 and the optional 
third pofamed- polarized beam 62. 
[00049] The apparatus of Figure 5 also includes a diode laser 64 which passes through a 

cylindrical lens 66 and an adjustment mirror (Ma) which is used to align the direction of the 
second beam 15 and optional third beam 62. 
[00050] It will be appreciated that the method and apparatus described above provides for 

manufacture of an optical component in which a second exposure of a photo-orientatable 
polymeric layer to a second beam of linearly petet4sed- polarized light occurs very shortly 
after a first exposure of selected areas of the photo polymeric layer to a first beam of linearly 
peterised-B^arized,light through a mask. This is a more efficient process for manufacturing 
an optical component incorporating a photo-polymeric layer than multiple exposure processes 
in which the photo-orientatable polymeric layer is subjected to selected exposure to a first 
beam of linearly polaris e d polarized light through a mask, and subsequently to a second 
exposure to a second beam of linearly polaris e d- polarized light after removal of the mask. 
The apparatus and method of the present invention therefore enables optical components 
having at least one photo-oriented polymeric layer to be produced more economically. 
[00051] It will be appreciated that various modifications may be made to the preferred 

embodiments described above without departing from the scope and spirit of the present 
invention. 

[00052] For instance, the photo-oriented polymeric network (PPN) layer 2 or 22 may also 

include areas of randomly oriented molecules in addition to the first areas having a first 
molecular alignment or orientation and the second areas having a second molecular alignment 
or orientation. 



